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A9 §,S-1 meiti-echelon model is used to develop cptimzl stockage
policies for z catalog of itexs. The itezs were the repair parts of
Tough terrain forklife on which a military ssseatizlity methodoliozy had
bzen tested. 7The model izmciuded such factors as holéing cost, serforzzace
odjectiwe, xilitzry esserntizlity, znd trazosportatiocn cost. 4n opH=zization

algorirrm w2s developed ané z ceastraint menipuiztion technique experimented
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2 i. Backeround

‘%3,‘ The Axcy retail logistics syste= is a dyna=ic, diverse, azd cocplex

a sysiea which pas dirvect coatzct with the Ar=y co=bat saits. As such, its
o proper funmcticning has direct bearing on.the Nationzl Defense. In the past,

retail logistics evpeaditures have been westeful. ZLack ¢£ wunderstarding of
the systen 2long with the swereness of its impcrtance have encourcged ovez-
spending. A particular arez where over-spendiang ofter occrurs is in the

‘o stockage of repeir parts for mzintenaznce actions at direct support umits,

, general suppert unaits, and field depots. 7This paper przsents a model of the
retzil systen whica enzblec developzent of 2 muiti-echelon stockasge policy
that tells where and in what quzntities parts should be stocked to meet a
given perfcrmznce measure. The oolicies are sub-opticzl in that a restrie-

R tion is placeé on the forz= of the policy. Keévertaeless, the =odel provides
C insight into arné understanding of the system and can be used 2s an zid in
. develosing more r=z2listic stockage policies.

2. Objectives 2nd S: ge

B XS
Sts

W

The objectives of trz stvdy were -~

[N
' v

2. Develop z fezsible optimizatiocn 2lgorithm suitable for developing
=ulti-echelon stockage policies on z large ecatalog of itess.

-
Nl

. A
0 R
A

)

b. Develop 2 technique to introduce the system constraints in the
=odel and determine a method to solve for optimzl policies under constraiats.

c. IXllustratez how military escentiality me2sures cam be used in
stockage decisions.

d. TIliustrate how transportation and inventory cost can be jointly
considered in stockage decisions.

A tulti-echelon model originally developed by IRO for the Brown Board
- has been extended to include military essentiality, stockage constraincs,
2nd traasportation costs. This nodel is based on a gueueing theorem of
Palm which relates the amount of steck at a unit to its average resupply
tine when the demand on that unit is Poisson, TImposing an S, S-1 policy
on each unit irsures Poisson demand at all units. The stockage policies of
the upper levels are related to the supply times of the lower levels aad
Palm's Theorem is applied to give the probzbility distribution of iaventory.

A search type aligorithm was developed to gsolve four the sirgle item
optimum stockage policy. It was deaigned to be fast so as to be feasible
for use on a large catalog of iteme.

The model was then extended to include the stockage constraints by use
[ . of the Generalized Lagrange Multiplier method. An algorithm was dgveloped
to solye the constraint model. %
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3. Conclusions and FPindines

2. Optimization of the tmconstrained codel can de accomplished ecomomi-
cally on a digital computer and the optimim policies for 2 large catalog of
items can be found quickly,

t. Optimjzation of the constraint model iy substsntizily more difficult.
Caly partial svecess can be reported with the algovitha developed during

this stedy; further work iz required before a thorough evaluation of the
algorithn can be made.

c. & icgical method of empioying military essentiality measures in the
=odel was found. An essentrlality measure saitsble for use in this medel
can te found by relating target availabilities to sisentiality classes.

d. Transportation costs are a substantial portion of total stockage

costs. Choosing stock lsvels wzd twransport mode jointly razsults in sub-
staatial savinags.

&. Future Work
IR0 intends to comtirue Lt¢ research into muiti-echelon models. Addi-
tional iavestigation wili be .wde into solution of the constraint problem,

¥ew areag to be investigatsd uclude batch ordering, i.e., R,Q type policies
and cross levelling betwern units.
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1.1 Introduction

When providing repair parts for maintenance, a logistics system must
procure the parts aud distribute them to the user. For the purposes of this
paper it is possible ko decompose the logistics system into a wholesale
system and a retail #ystem on the basis of the function of procurement and
distribution. The X.ICPs are said to make up the wholesale system because
they are the procuremewi agents. The logistics functions below the NICPs
are designed primarily for efficient distribution of the procured parts to

the users. The unit: which provide these functions are said to compose the
retail logistics system.

Within the past decade or so, the Army has devoted considerable effort
to the study of its wholesale operations. Muchhas come from the studies and
today the Army is on the way to deve:loping truly integrated wholesale logis-
tics. There is still much which needs to be done in the study of the re-
tail system. Off hand, it might be &xpected that the retail system would
have commanded the most study effort, since the Army has more resources in-
vested in the retail system than in the wholesale. In terms of possible
economies, the efficient operation of the retail system is of greater bene-
fit than the efficien: operation of the wholesale, However, the same reason
that makes the retail system so important economically, has hindered the
development of integrated retail supply policies; for while the diversity
and complexity of the retail system results in enormous resource expenditures,
it also mzkes analysis extremely difficult,

This paper represents a model of the retail system which makes it possi~
ble to evaluate the effect of stockage anywhere in the system on supply per-

formance. By limiting the scope of the analysis a tractable model has been
constructed. .

1.2 Retail Logistics System

1.2.1 Network Structure

The retail logistics system can conveniently be portrayed as a
network. Fundamentally, a network representation is merely a set of points
called nodes comnected by a set of lines called branches. The network shown
below depicts a three echelon system.

Depot
GSU
DSU
Figure 1
1
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Each node in the network represents a stockage point and the
branches indicate the pathe requisitions for parts are permitted to take. .
In other words, the branches indicate the relationships between nodes. Thus,
in the network of Figure 1, stockage points in level one may requisition

parts from only a given point in level two, and points in level two can
order only from level three.

While it is possible to conceive of any number of branch-node
interconnections, the Army retail system is portrayed by an arborescent
network such as that in Figure 1. That is, the netwerk has a tree-like
structure in which each point branches into several points in a lower echelon.

The levels of the system can easily be identified by numerical
indexes, but for the purposes of this paper the identification will be
specialized by the use of Army terminology. However, keep in mind that the
use of Army terminology is for the purpose of discussion and the reader
should not lose sight of the generality of the basic model. We will be con-
cerned with a three echelon system. The lowest level shall be called the
direct support level and, of course, will be composed of direct support units.
Direct support units are close to the organizational units anc must be able

to provide responsive replenishment and maintenance support. Furthermore,
tyey are required to be mobile so they can remain in close contact with the
field at all times. Immediately above the direct support level is the gen-
eral support level. General support units provide support of a more complex
nature than direct support, but they are not as responsive and they do not
haveas great a mobility. The highest level in the structure is the theater
depot. Mobility is mnot required of the depot but it must perform the most
complex support activities in the theater.

1,2.2 Requisitioning Procedures

The requisitioning procedures to be discussed ar2 for rouiine
requisitions. Accepting Figure 1 as representative of a typical system, it
can be seen that each unit in a given level has only one unit in the next
higher level to which it goes for re-supply. Thus, if a unit wishes to oh-
tain an item, it requisitions that item from its supplier in the next eche-
lon. Tha item is issued to the requisitioner if it is available. *€ it is
not available, the requisition is backordered and later filled on a *irst
come first served basis, For example, when a DSU requires an item it places
an order for that item with the GSU supporting it. In the case that the GSU
does not stock the item, a requisition is forwarded to the depot in behalf
of the DSU. Again, the depot may or may not stock the item. If it does
stock, it is sent to the DSU as soon as possible. If it does not stock the

item, a requisition is forwarded to the rear supply which then fills the
DSU's order.

1.2.3 Re=Suvply Times

One of the most important characteristics of the retail system ‘
in so far as stockage is concerned is the re-supply times existing between
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‘tée echelens. The re-supply time is composed of a shipping ané processiny
time and 2 waiting time for the issueable item. The wait is either zero

or is soze finite time if no parts are available for issue. Clearly, then
the re-supply time that a unrit experiences depends -upon the availability of
the item at the level -above. The re-supply-times identified in -rable below
are the times correspondiang to the shippisg and processing of the order and
do not include the wait portion. Sinve the processing time a raquisition
Yeceives at 2 unit depends upen wisther or not the item is stocked at that
upit, the resupply times must be identified for all possible stockage con-
ditiong. Sdsu, Sgsu, and Sdepot stand for the stock level. at DSU's,
GST's, and depots respectively. A * indicates some positive stockage.

Table 1

Re~supply Times VS Stock Distribution

Sdsu Sgsu Sdepot B3y GSU DEPOT
0 0 6 TI2341 T2342 T343
* 0 G T12341 T2242 T343
0 % 0 Ti21 T2342 T343
* * 0 T121 T2342 T343
0 0 * Ti231 T232 T343
* 0 * T1231 T232 T343
0 * * T121 T232 T343
* * % T%Zl T232 T343

Here, T., 1+ 1, ...1 + j, i is the time it takes a requisition to pass
from echelon i to echelon i + j while going through all echelons between,
plus the time it takes the item to be shipped from echelon i + j back to i.

The echelons are .numbered as follows:
1 represents DS level
2 represents GS level
3 represents depot level

4 represents rear supply

Thus, T232 is the time it takes a GSU to obtain aun item from the depog
given the depot has stock.

ST e e g, i
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1.2.4 System Cons;raints

T6 complete the characterization of the retail system, the coa-
straints .on the system affected by -stockage must be identified. Such con-
straints might limit thé weight, volumé or investment in the items in the
catalogue. Because DS and GS -unitg are required to be mobile, the con- :
straints play an important role in the model.

¥n summaiy, the retail logistics syetem may be pictured as an
arborescent network. %The construction cf the network reguires knowledge
of the number and type of differeant units in the system and the reguisition- .
ing procedures between echelons. Ferthermore, the re~supply times must be
defined 2nd the various stockage constraints identified. T7This information
is required as input for the model to be described next.

1.3 Multi-Echelon Stockage Model

1.3.1 Assumptions and Simplications

By virtue of its complexity and diversity the Army retail
logistics system is Gifficult to model. Computer simulation models have
baen constructed, but their use is iimited to evaluation of specific policies.
The development of optimum policies throughk such simulaters is unprofitable
not only because of time and money constraints, but also because of their
inability to develop general policies. If the amalyst is willing to limit
the scope of the study, however, it is possible to develop analytic models
with which it is much easier to work. The multi-echelon stockage model is
limited to looking at those factors most strongly connected with the stockage
of repair parts. By limiting the factors included in the model and by making
the proper assumptions, a tractable model has been built.

The following factors were felt to be important and were included
in the model:

1. Probabilistic demand - Poisson

2. Re=-supply times for each echaleox 25 a function of the
system stockage levels,

3. Military essentiality of the part,
4. Towest authorized echelon of maintenance.

5. Percent of total failures of the part detected at each
echelon,

€. Cost of holding aun item in stock.

7. Cost of being backordered.

PRESP TR, e e
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8. Stockage conmstraints
9., Transportation costs.

it is asstmed that the military essentiality of each part in the
catalog is known. At the present time, the developmen. of military essential-
ity measures is still in its beginning steges. Thus, the military esseatial-
ity of parts is not readily cobtzinable today. Nevertheless, one of the pri-
wary obiectives of this work is to demonstrate the possible use of military
essentiality in stockage decisions. This project was conducted along with
another project which developii)a methodology for deteroining the military )
ecsenziality of repair parts. The catalog on wnich the model was tested -
therafore had military essentiality measures available.

1.3.2 Cost Eguation and Notation

For the present, assume it is possible to identify the cost of
one unit backordered for one year. Then, the total expected cost per year
of the system is expressed as

m;qm: p?

1 ‘\ln
o

e
RS

(a
e
b

~©,

"

(1) TEC(S,.S,,S3) = C3(S,-N, + SyH, + S,-N,)

§

nttﬁqy“"‘;“'*“w

g

+ CB[E'N‘L 'BDSU(Sl 35255352,) + N,I,B Gsu(sz,sa,xz)j

ape

s + laTrC

5

{

¥ where ]
. CI = cost of holding one item in inventory for one year

ggi CB = cost of one unit being backordered for one year

Lo

%8 E = paraneter measuring the military esseantiality of the part

ii K, = number of DSU's in the system

Qo
“'?.'.
Il

nuzber of GSU's in the system

e Y
TV

HINY
wz
]

nucber of depots ir tlie system
P, = 7 of total demands occurring at GSU which originate at GSU

3 S, = amount of the part stocked at an individual DSU

S, = amount of the part stocked at eack GSU
4
- S; = amount of the part stocked at each depot
p
1 A, = demand rate per year of the part at a DSY
F
4 5

Y
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}, = dez=né rate peT year of the part a2t 2 GSY
i; = derand rete per yesr of the part 2t the Jepot -
BDSH(SI »553553%;) = ea >cted backorders at z BSU 2c a fiction of stock
Ievels -
BGSH(S«.,:_.S3 22) = expscted dackorders 2% 2 65U as 2 fumction of steck
levels

T C = cost of treasporting one item from rear svpply to the
= Cepot

Eguzation (1) expresses the totzal expected cost ro tha systerm of
stocking §,,S,,S; of the item at the D5U's, GSU's, and depots respectively.
The totzl cost is cozposed of three basic costs: ZInventory cesis, backsrier
costs, and traasportatioa cost. Of the tiree, inveatory owst and traszsporta-
tion cost are most ezsily identifief with ™out of pocket™ ccsrzs. Evan
thovgh they ==y be difficvlt to determime zccurately, oze cez be swure thst
ooney is beimg spent in inventory 2zd for tr=asportation. But suck iIs mot
the case with backozder costs. It is @ifficult to ideptify 2 cost with
backorders whether it be artificizl or "out-of-pocket™. Inm 22 industria:z
situatica, a backoréer czm often be associated with Iost profit or revezre.
But the Ar=y stocks parts to kelp insvre the suecess of ccabatr missicos and
2 dolizr valve, as 2llaazlysts will zgree, is éifficelt to 2ssign to mis-
sion success. An atte=pt was m=de in this stedy, kowever, to est=blizh a2
cost of backorders. Say a2 gné item is returped to BSU with z £zileé part,
and assuze this failure dezdlires the ead item, the DSH wiil then exchange
a2 good item from his float for the down item, repair the down item znd
fin2lly place it in the £float to be vsed Izter. Woen the failed part is
not avzilzble for the repair zction, the exnd iten must sit waiting for the
part (assting no czmnibalizztion). A down end item just waiting to be re-
peired is much 1ike z part sitting in inveatory waiting to e vsed. The
cost of a backorder was therefore set to an imventory holding cost fzcter
tizos the cost of the end ite=, i.e., 2 part backorder corresponds with 2
down end ite= waitimg for repair, so assign the backorder 2 cost of holding
an end itex ja "inventory"”. Yotice that the esseatizlity £ is not applied
to B ... Tnis Is because 2z fzilure detected zt the G5U 2lways results im
the gg itez taken out of service.

The averzge backorder ter=s in (1) express the service the
stockage is providing. Average backoréers as used here measures the ex-
pected nuober of backorders per year. Therefore, 2 backorder which lasts
one year receives the szme value 2s two backorders that last 1/2 year, zad
so on. It is logical that the dackorder mezsure reflect both the frequeacy
and length of backsrders. Certainly two backorders should receive 2 penalty -
greater than one backorder, but also two backoréers that last a year should
receive 2 greater penalty than two backorders whick last 6 oeaths.

The total cost equation then expresses the trade off betsieen <
the out of pocket imventory zmné transportation costs, and the average t
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£ 1£.1 Zeirs Theorem

1<

! To minimize TBCLS,,S,.S,) it most be possible to evelzace B,

H aéamwwyfwiblemlmofsa,szaﬁas_&- Ecwewer, to c2lcoiate

3 these veives sewerel critical zsecomprioms st be made. First 2t is assomed
Z thet 211 failure detections occur expooexntizlly, Im other words, the mumber
7 of faiimres detected ar the orgedizericos=i level, the direct support voits,
r or the gemeral svoport wndets i 2 time T fs Poigsom distribeted. Secoodly,
§ i 21E ievels follow am $,5-2 policy. Under socir & policy, 2 it orders 2

repiedishment each CEme it feow'ves 2 Jemzsd. The pmmber of items in stock
z2d on oréer Is then 2luyzys egual to £ Heoice that rhese two asstmptices
icstere that tofz2i dzmend at a0y vmit Io tke syster is Poissom. The $,5-1

. policy mercly pesses on the szoue distvisction it sees, aod sineg dewm=md

’ originz=tis s Foigson, only Folissdn Lemerd is oxperienced by each =wic.

*

There is 2 quewing theoren éoe to Poln® uhich s2gs that if
costomers axrive In 2 Byisson strezm 2t 2 rate ) aad if tme service system
consists of an infinite comber of parzllel servers e2ch with 2 mesn service
time, T, the oomber of costamers in the systen in the stezdy state is

This result is troe regerdiess of thz service time

Poisson with mezn Y.
distribrrion.

%

¥ow cozsifer 2 stocksge point in the systen. Soncestealiy his
siccaticz is the szme as the gnening sitration described Hove. A femend
correspoads &0 2 costomer arrivel, aof the resrpply time of wle replenish-
: mest order corresponds to the service time. Strictly spezking, Pzinm's
theoren reguires that the service cime of ezch czstomer Be independent of

wgap -
I3

ow Y

the other customers’ times. Thes, if the guering zmalogy is to beld exactly
we mmst be willing to 2ccept the assumticn 0f independent restpply times.

%

Toere a2re two dasic odjecticzs to ths zsswmpricon of independent
resupply times. For oze, it allows the possibility of cross-over of orlers,
i.e., 2 recuisiticn placed lzter thca zmotper may acteally be satisfied
first. For =zznotker, 2s will be seea leter, ovr coxcerticn of ra2pdom re-
suppiy times is based on the randon stock-cut periods induced by razadon
‘ - dexané. Y¥ren the supplier is iz stock he respords in 2 fized
he is out of stock there is an additional random wz2iting time for his re-
pienishment. Tae resupply tizmes he furnishes are aaything but independe=nt.
Both thesz prcedlems zre oinimdizeé if the item is siow mowving. I£ it is um-
) likely that 2 or =ore dexznds occur during a stockecut period the second gro-
plen is overcome and if the tize between demands is largze encugh, cross
svers will pot occur.

time. ¥aen
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1E2 Coaocteticezl Scheme o Fipod Iverore Backerdsrs

In ecmpoting berkorders, & top 0o Dotton metiod is re-
First the zverige beckorder Ievsl a:meda:@tnscmwtzeﬁwm

Bain’s thecren =3 then this is vsad po Fiod the 65I"s merege rescppiv
time.

; ooz this iy foood the zverege Beckordzr lzwel is copwied for the
&SU's. B ]

quired.

In siniler fachicn the awerege beckorders 2t the ESU's are foomd

The zverege bechorders of 2 it ez Be Socod Zxum the re-
plexistment order discriburion. By tie $,S-1 policy w= hruw the foventory
Ievel is X =S ~ ¥ where ¥ ic the omber of ocxders io restpply; and thes
the prodedilivy that X ecomezls X is the sane 2s thz prowxedilicy tzat ¥ egczzls
S-I. Ext this is just the Polissonr proladilfity.

£z i—memtory system is s2id
te be backordered K cits if irs fomsotory lase: (oo Band-om order) is egmal
te -X. The exsected dzckosders

B= i ~ipdi)

where pli) is she prabedilivy that invectory is i. In this case
<>

= Z {G-s)p(G,AT)

s

where g(3,2T) is the Poisson preozaility that on order is j

Az zn exzmole of the calezlaticon of stﬁ 23 BGSEB consider vz
followins case. The Icwest echelon of meintezence Zor 2 gaven item is che
orgzaization. Stoczege is, therefore, cozsidered for 211 points in the
s¥stan. Eaile oot meeessary, the zsstmotics of eysten symmetry is mede to
sinpiify the calcuiations. All rnits in zzy perticeler level are asscued
to Ezve identiczl failrre rates znd assvmed to follow the szme oréder policy,
octoerwise sepzrate backoréer czlcelations wenld be reguired for ezch stock~
2ge point. Thke depot stecks zm zmoemt §; 2nd foilows an §,,8,-1 pelicy.
Forthermore, the rear supply point to whiich the depot goes for replenish-

ment 2ccompliishes restoply in 2n aversge tizme T T313° By Paln's theorem the
probebility of j orders in resuoply is

] 7T = - ° T ] j 33
P pge(ishaTyyg) = (33,30 057550/
where ), is the dexand rate

at the Cepot

Kow the GSU's requ"sition spares froa the depot and they ex~

perience 2 resupply tize which is co=posed of a travel aad processing tice
".hs a wait

for the item at the depot. The travel and processing time is

8
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zsszmeacmm:aais:ﬁe'zméaﬁ:eaazzﬁe:. The weiticg time, W,. is
2 rofom vexizbHie widch czn rasge ZoywbeTe fram zzro to the merimrm time it
tztes the dzpol to get replemished. Cleerly W, depaxds oo thz amorst stocked

NTNT

(L

s

e S L | i
K

A :1 [4: LR L S i o

by the dzcor. The moce the deoot stocks the Izss the chenrcses 2 costomes

wiill wait, 223 the overese waitiog time will dzcrecse. TEmouzh vse of the

staxderd gueneing eguaticn L = }Wie Is Soond thet the Zverege waiz, W, is

80=) Gy GaleTyy)
s

2 GST ordering From the deoot then sezs 2 totzal swverege rescoply cime of

% = Ty + Bl

2>2 if ir is possibie to comcute the 65U resczply time, it is pessible to

- . -

ccopute the probedility Suoction of the r=mber of 65U oréders in resvpply.

A ISP ordering from 2 €U ezn be anzlyzed in the szme memer.
The 2versge repliezisiment time of 2 BOU is

Ty = Taps ¥ Bpgplhe

2z its averzge backorders zre

Bysp = Z Gﬁ,jégm(j,lziz )
F=s;

The 2bove anz2lysis is cozditicazl vpoa positive GSU ard depot
As a2 further exa=ple of the computatioas, suppose that the depot
stocks but the GS¥'s do not, then the apalysis between GSU and depot dees
oot change; hewever, wher a2 DSU orders £fro= a GSU his requisition is passed

stockage.

on to the depot aad the additionzal wait for parts occurs a2t the depot rather

than the GSU. 1Iis average resupply time is, im this case

L = Tos ¥ BDEPI}‘Q
9

,MMW&W@W

T e R LANANGRAL R A TOM IO o

v

il

/ aate .

ﬁ..




in the gemerel sitcetien tha distriboticn of orderz in wesupply
is formd Sor a voit By identifying that level's processizg 2o shippivg time
pics ivs w=ir for percs. Its sversge weit for perts is foond frem the B 2t .
the it wiick oitimerely scoplies the replenisimeny items. There is o0
wvzit fpcicdad in tE2 rescoply tine whes the rear sopply is the ultimate _
sapplier for rbe zweszge wRit 3t the reer is 2iready inclvded in che esti-
mmafrﬁz Iz5les 2 2nd 3 pressent svezsge rescpply times for 211 stock
policies.” Waen the zveregze rescoply time hes been determimed, Palm's

theoren is eploged to find the stezdy state ioventorsy distrifuticn. By the
c2tere of the relzzicesiipes behween schelons, the zmalysis most start at the
Gepor zod proceed Svwmwerd to the BSU's.

Tsicg the procefure it is possible
2o conpate TEC Sor 2oy stockege lewels §,,5,, =23 S,-

1.4.3 Tressoortation Cost

The remining term in the o2zl cost egraticn to be evalmated
is the trensportation cost. Only the rear supply to depol traosportation
cost is comsidered. Mot ooly is thes the largest portios of the torzl
trzmsportetion cost bxr 2lss is the coly gorticn of the trapsportation cycle

were 2 disrinet ccmparison botweer modes cza be mede.

For moeh of the fotra-theaster shipmzats theve is ro real choice
of 2 trexsportation mode, bot there is zlweys the choice of shippiang by 2ir
or by se2 from the rezr supply to the theater depot. Both of thwse modes
beve their own distincr shorasteristics 2ré for roctine repleniskment azctions
it is not BYicrs waich mode whoold be vsed. The traasportztion mode should
Bz selected ov the besis of the mode’s cost znd its effect o2 the system's
inveatory zodé backeorder cost. The air mede, for ezampie, will regmire less
inventory thzn the sez mode but wiil cost more oo vse. Tt will only be
worstaiile 3if it redvees inventory seEficieatiy to compenszte For the in-
crezsed trensportation cost. Thus, for each mode the optimen stock levels
zre compured ané the ingentory azd backoréder costs for these levels added
to the trzasportatiocn zost. O the basis of this total cost the opiimmm
trensportaticon mode and stockege level 2re selected.

We hzve showrz bow It is possible to evzlvate the total cost of
stockieg any commes a2t the THU's and GSU's 2nd depots 2nd have indicated
bow the best stock levels znd trzmsportation mrdes zre selected. The next
chapter preseats the zlgorithm which fiands tbose stock values whick mini-
mize the toral cost.
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Lowsst Lathorized Schelon of Mzinreaznre is Qrpzzizarioc or D58

Teoi= 2

Errected 2=srooly Time

S S, S, T3 %, I3
0 (1} a Ti2351 12352 3453
= 0 0 Ti23%1 12342 33

3 = A
0 0 nz.c.-agsulmz T23£2 343
x = g2
0 TlZ:-BGS“IAz T23%2 343
0 0 = 'ﬂzsleamplxs 1232—535_,&3 T34L3
= T2 = - A
% 0 ?123.1335_,/13 2232735_5?/4.{ T3L3
= i3 = A
0 £ 2’21’39515"2 1232?395?/2‘3 343
= = = X = %
Ti2 “'3csuh‘2 1‘232731,-;’3},‘,I;\3 343
Tzhle 3
Expectes Resuoply Tice
Iowest Authorized Echeion of Maintengnce is GSU

S 5, 5 Iy 7, iy
. (1] o - 12352 T343
. * 0 . T2342 T343
. 0 % . T£32+BDEP/A3 T343
. * . X

* 1‘23-—:—BD£P/A3 T343
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OPTMIZATION ALCORTTHY

T2 2igorithn to be éescribed presently was used oz & cataleg of 710
itezs znd produczd che stockage levels in 2 time of approximately one and
oz2e b2If minutes when progracwed in Fortran IV on 2 GE 635 computer. This
exoumts to £.126 seconds on the average per iten. Empirical studies on the
algoritom indicate that it will reach 2n exact optimm for a large class of
ite=s. Howsver, for ite=s characterized by large failure rates the algorithm
will ot worst zchieve values in the neighborhood of the true cptimum. For-
tuoately, these are the items which are insensitive to s:all changes from
the true optici= 2nd coming close, therefore, results in a negligible loss
in cost. Furthercore, high demzné items are rare a2mong typical repair parts.
Thovgh this algorithm was developed £rom heuristic arguments which are not
alyays valid, its performence, nevertheless, justifies its acceptance.

Restating the probiem mathematically, assuming N, equal to 1, it is
desired to minimize

TEC(S, ,S,,55) = C,(5; N, + S, N, + §;)
+ CIEN, B + KB ]

gﬁi; the three stock variables S,, S,, and S; where BDSU and BGSU are of the

B=) (5-5)P(i,AD)
j:

The transportation cost has been omitted from this equation because it can-
not be controlled by the decision variables §;,S,, and Sj.

The standard approach to this optimization problem would be to establish
the inequalities which must be satisfied at the optimum by the difference
eguation approach. It is not clear, however, that this approach would always
find the true minimum and not just a local minimum. To insure a minimum,
eight inequalities would need to be satisfied, and moreover, no obvious plan
of attack is suggested by this procedure. As it happens, it is easier to
develop an optimization algorithm by taking advance of the "top to bottom"
resupply interactions between echelons.

Notice that stockage quantities at the upper levels affect the stock-
age decision at the lower levels only through the expected resupply times.
This means that if the depot and GSU stockage quantities are fixed, the
DSU's average resupply time remains fixed also. Let TEC(S,S,*,S%) be the

12
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total expected cost as a function of S, ‘When 8; and Sy are fixed at S,* and

S3* respectively. By virtue of the fagt that TEC(S,S,%,5,%) is cenvex,

minimizztion of TEC(SISZ,Ss*) twer §; is a simple matter. Coavexity or, .

in other words, diminishing marginal returns of stockage is an expected;

- but not necessary property of inventory, 1In this one dimensional case, it

e indeed can be shown to hold. But; what about GS and depot stockage? Is
the property of diminishing marginal returns valid for this stockage t
First consider ¢g stockage,

¢
R
o~
EICI

PRt

00?’ -

Clearly, the returns from GS stockage degéndft T
%~ also on the depot and DS stockage decisions, If, as before, the depot stock- ST
- age is fixed at S3%, then only the &S stockage policy affects the réturns g
§j? from GS stock. When gg stockage is changed, the psy average resupply time
37" is altered. 2n alert DSU will readjust its stock Position to itd pew.re- ’
£ supply time. Tts reaction of course, Partly determines the returns t£o GS T
2; stockage: decisions, Thus, to determine the returns to g stockage, a DS '
£ policy must be defined. But since we are concerned with minimizing costs,
i the most logical Dg policy is a policy which minimizes his cost, This ’ .
- suggests the following question: :
2 LE'IEC(S, /S, /S,*) is the minimum cost of TEC(S,S,,5,%) is TEC(S, /s, /s,%)
= convery, with respect to S,? ‘

I To answer this question we must determine the effect of S, on B I

L and BDSU given that S, equals S3*. Clearly S, produces diminishing marginal
é‘; returns to BCS s but the effect on B (Sz) is not so obvious. As 5, is

E; changed, the'sgockage policy .at the B§H's is reevaluated .to find a new ;.
o S, is found from the inequalities '

[T AN

o ﬂfW'ﬂh?ﬁ N
<
(]

A

EPGS+L,0) s L < g opgs,u)

4

where

it e
F N

R

«©
P(5,0;) =Z exp(~u,) u, I/
j=s

>4
. 7\/"

gy

and U, = A, (T,+B U/)\2) is the expected mean.
difference in B

P(SI,UI) is merey’ the
DSU when stocking S or s-1.

i Figure 2 presents a plot of B SU sus U, for several values of S. For

, the purpcse of discussion, and witR no loss in generality assume for a value

: U, the optimum stock S, is 5. As U eases, the optimum level wvill re-
main at 5 until of stocking 4 to stocking 5 ig equal

b N to CI/E-C whereupon the optimum s28%k In the same

A curve can there-
as in Figure 2 which defines the optimum stock values S,,

from this curve it is possible to con~-
struct the curve of Figure 3 which plots the DSU expected cost vs U,

B
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TC=C 5 S +EC KB (S)

™

At tke brezikpoiats of the curve in Figure 2, the adfitionzl inventery cost
just offsets the redsction ia dackorder cogt. For ex=ple at ths value U,

the gptimmm stock level ctenges free 3 to &. Inventory costs rise By &_ sad -
op 5

backerders costs are redacad By C.. Thus, to construct the expesied ecst
curve eliminzte the discontimuitise by ;adk.ng the scction of tne curve for
s, + 1 ontc the end of the zurve for S,% z:d multipiy the resulting curse
bv f E %, to getr the proper mmits.

How 25 S, cnanges, what ue have called U, chenges by %;asu whare

signifies the changs 3 with change in S,- Thusi2thé PIGDPIC}
o§°a1m1nlsh1 marzinal re‘urngsnolds with respect to Y,. UCxdortenataly,
it canmeet be concluded with certainty that the DSU oprimam coses displays
ttis property. Neote the scalloped appezrance of the curve of Piguze 3.
This was net frawn by accidant, Sut will always occur. Uhere (e sections
are comnected, the left hand section will have a slope greater tham the
right kand section. Because of this scallored nature, it is rot inconceiv-
able that DSU optimum cost will not display the preperty of diminishiug
marginai returns. Nevertheless, from purely heuristic cousideratisas, it
is possible to argue that this property w#il1 be cbserved. U; as was noted,
is strictly convex with respect to S,. It is, therefore, possible that cen-
vexity will be imposed on DSU optlmum cost by the convexity of U,. It is

not only possible, but, in fact, has been verified empiricallyr For a large
class of items,

Working on the assumption then that TEC(S,/S,/$,%) is convex over S,,
it is easy to find

MIN TEC(S,/S,/S,%)

53

Similarly, the same convex property is desired of S;. As before, a G$
policy and a DS policy must be defined. First the GSU reacts to the changs
in S, and then the DSU reacts to the GSU's chenge in an optimal way. ‘the
GSU's optimal policy includes his effect on the DSU's. Thus we ask: "is

TEC(S, ,S,,8;) = MIN TEC(S,/S,/S;)
82

convex with respect to §;?"

Again as before we are led to conclude that it is in most cases but is
not a certainty.

From these consideratioms, an optimization algorithm was developed.
In essence the algorithm does the following. Depot stock, Sz, 1s initialized
ar zerc. The values of S, and S, which give the minimum cost for fixed S,

16
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e fmmd. S, is incremented v=til the ogtimnm eost does mokb fugrove. ke
velves of S,, S, S, waich give the micioem cOSt 3T St tine 2ve declarsd
the cptimam stoex Iowzls,

Beczuse the mzrhenzticel formIation of the 2igeritim is oot entimely
££rm, the slgorittm wes tested prior to irs osa to soa bow well it periomed.
& cosperiscen of the resulrs was mefe witd those Trom omother algerichn which
2iveysy fornd the srwe cptinon thoegs offen witk moch time, The meszits ¢f
tiis test indiczated the algoritim wouid achieve thz troe cptimem For ail
but high demend items. I Is ot diffficmir teo vzderstend why the algerithm
does mot achieve the rus We arpred earlier thkat

tre= cotipur Eor these izems,

coovexity on S, 2nd S; depended wpon B,__J/R, #ad B___/3, imposiog coovexity
- < . SEr - €Ly PR

by virtes of the streagth of their own coavexity. put for the high desexndé

itexs aveyege dzckorders dess mot strengly display the property of diminich-
ing mergical retvrzs. Thus, 2 coavex bzhavicr would oot necessarily be
ezpected, Fortunztely, the seze factors which prevent a true cptimmm from
being achieved axe zlsc the factors waich redsexn the algorithm. 7The high
@=zand items are inmsensitive to s=z21l changes from the cptimm. To be
successivl, therefore, the 2lgoriti= need only procduce stock levels in the
neighborhepd ¢ the opticrm, And in the fost runs the algoritim =2lways

cane within one of the true uptimm levels,

Overali then the algorithm must be judged satisfactory. It is very

fast, but despite its speed ig able to produce optimum or nearly optizmum
stockage levels.
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Turil orw the Eecogsion Zzs oxiy coosidered Hhe deysiscment of 2 -
zizzle iter model; tus, wien copiidericg the rerail system the more rea -stic i
asrreach Is  develop siockeze solicics foo meny items scowensicg for ehe
wcterecrioes amomg the Lieds., Zeczuse ibsre sze coosto=ints en stocksgs,
the irem cloricteristizs {pricz, filnre raze, wright, etc.) sharid be wsed
o Zztermiva the best seglectisn of ften stockege levels from the entire
cazzloy. Cofer 5o cocstraimed czo2, che siofisge vaives adich provide the
test perSoTmence cemmot be seizcred withoor considzration of the item charac~
terictics woived In the cossirainrs.,

SR U WA

The oxstrained prodizn is formuiated as follows: Scpposa there
zxe W irems ©o e considered for stockege in the system. TEC, - €54555 _) b 14
the cost ofszacki::gs.,., s and 3 : Of item i at the DST's, G505 2d
fenot respectively, thEa £Hs cost £6r the entize czezleg is
H
TS 'Z TEC, (544955558350

i=1

Further supsose that rhere are M constraints on stockage ¢f the form
G.(S) b, j=1,2,...4
J J J bl 4

The optimum stocksge levels a2re found be solviag the mathematfcal

problem
™IN TEC(E)
subject to Gj(S) sbj

This multi-item formulation does not consider wany of the interactions
between items. In particular, no attention is given to joini ordering
policies; each item is still managed independently., Rathex only an attempt
is macde to insure thac the stocking point will not violate any cf several
constraints on its total repair part stockage. Thig is important because : '
it means that the form of the policy is still the same as that of the single
item case. Each point stocks some amount and orders whenever it gets a -
demand. TFurthermore, because each item is mznaged independently. the ‘
possibility of dacomposing the N item problem into N single item problems
similar to the one discussed in the previous two chapters might be feasible,
In fact, unless this can bz done, optimization is virtually impossible since

_
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the romer of werizdlzs to Be Soomd is 3ikely o D grezter thes 3500, oo
tr=ztely, Sor tiose ocostmiar fretices G-{S) of i..-&e:!—st, Seooapesitics
is irdfzsd possible. ‘Eeasi:zz:e.;:eaizmgm:
~estrzizts gt ooy or 211 of the echelozs.
is of the fommo

volme, 198 irvestment
For theze comstreints ©_ (S)

¥ 3
G(S)-’ey:; . S,
il &
I S o
wazre
i idenvifies ¢hs item
k iéenrifies the szfaipn
j iéentifies fhe consiraint paremelsr for frexm i
For exemple .. might be the weight, or prics, GE iten i, in which

cas2 G,(S) would e fhe sotal weight or ipvestoent of the stccksge catzlog.

if thelconstraint is to be over one eckeiza cnly, the suzmation over zill k
wcuid Be oxitted.

-

32.1.2 izgrange Multiniier Pormulation

The methed vsed to soive the constrained prcblem was the method of

generalized Lagrange multiplier (Gi3). With this method a Ligrangiaa fuac-
tion is forped as

#U
(8,3} = TEC(®) +)  ~06,(8) - b,
J’

and the following problem is solved

MIN L(S,AO)
S>o0

where A _ represents a known vector of Lagrange multipliers. Let the solution

for a particular set of \A's be S*(A ) Then S*(A ) simultaneously solves the
problem

MIN TEC(S)

suciect to G.(8) sG.(s%
sutjec J(b) J( O"o))
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Yeos, if a 1 czn be foood soeh that 6 (S*(A ) = b_ the criginzl cozstraiced
paoyien hes Besn soivad. ¥Morevwer, sﬁ5u= 3
b
m(§)=y TELC_(S.)
i=1
® 3
24 G.(S) }: 5— .S
3 A 1
k—.
by b2 3
then s,y =, Jmees,. 8.5, ) } s
=] -(_;Es)'l_, 3 1127277317 T /La /. Y5 ik}
3=1 =13 =1
¥
-) b
33
1

§
. ’Sm“ s TEC(S}.55,;5855) + /7 2, Z “Jislk
1177217734 3=1

for each i. 1Im that case, only three variables need be found for each
minimization.

3.2.1 A Proposed Solution Technique

Notice that for any particular set of A's,

Z’LSZ 3151k

=1 k=1
appears as an additional holding cost, Effectively then, the above is
identical with the single item problem whose solution was presented in
Chapter 2. In other words, the algorithm already developed for the single
item problem can also be used for the multi-item problem for any particular
set of multipliers. The primary burden of the multi~item solution scheme
then is to determine the multipliers Ao which yield G.(S*(A )) = b

If the functional relationship were known between S§% and the ), there
would be little difficulty in determining

Ag. But because this relé?ionship
is not known, it is no simple matter to fi Lo even when the number of con-

straints is small,
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Cozsider the basic proolem. A set of mplvipliers is dfesired which
grojoce & specified resuplt. The mathemeticzi relztiomship between the 2
2nd their resuiting octoome czoot be expressed literalily. Nevertheless,
the cotoomz czn be measured for 2oy parriceiar velves of ) via coaguter

solntion. This predlem is in the ciass of prodlenc which are rnormzlly solved
with sezrch tecknigues.

In essezce, sezrch tecanigues are primerily seguemtial tecimiqgues which
selzct 2 pew point o search o the basis of the results fzam the previous
points searched. But the difficulties of stch 2 scheze when z2pplied to this
prodlem axe meny. In the first pizce, to measure the relatioaship between
& perticular set of multipliers and th.: zmounts of resources used requires
2 complete optimization over the eatire catalog. This is not bad however,
vtaless the nu=Her of optimizations reguired fo £ind the ) is great. Wnea
there is only one coastraiat znd, of ccurse, oaly cze aﬁigiplier, it is not
difficult to converge to ) . With more than ore coastraint convergence be-
co=es slomer ané slower. d has developed 2 lipear progra=zing procedure
to £ind ) with which they have had considerzble success. They have applied
the procedure to similar proble=s achieving z soiutioa in an zcceptable amomt
of time., Taere is little doubt that Rand's procedure would be applicable to
this problem too. MNevertheless, we wished to try a scheme of our own, com-
ceived after a2 visit with Dr. George Pugh of the Lambda Corporation.*

Dr. Pugh devised a procedure based on statistical estimation from cal-
culations on random samples from the population. When the elements of the
population are large in nuzmber and have varying characteristics such that a
few zlements do not dominate the solution then Dr. Pugh's scheme can be used.

Since our item catalog met these conditions, we decided to devise a procedure
using the idea of random sampling.

At the present time, the procedure has not been sufficiently debugged
to pernit complete evaluation. It is felt, however, that the basics of the
procedure are sound and that they are worthwitile reporting.

3.2,2 Multi-Item Constraint Algorithm

To begin, the items in the catalog are arranged randomly or a circular
file. A guess is made of the ) value to determine a starting point (A=o

is a good starting point since it points out immediately the probable non-
binding constraints). With this value of ) the optimization algorithm is
run on the first R items, and the amount of resources consumed by these R
items is recorded. (R is selected by the analyst). This of course provides
an estimate of the resource usage rate for this )A. If these usage rates
appear "correct", i.e., the rate is within some given percent at the desired
rate, the )} is used for computations on the entire catalog. When this

*We are indebted to Dr. Pugh for his ideas on this approach and extend our
appreciation to him.
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coazatation does mot procdoce satisfactory resource coaswdtion, the algoritim
is begem 2z2in wsing the corrent ) 2s the base point oo 2 differeat szwple
set.

isscwe the first ) chosen Goes ROt produce COrrect r2scurce coaswod-
ticz estimates. Thus, we vesd to choose znother ouitiplier using the infor-
mation geined to move towerd tRe correct l - The mecheniso exploved t9 pro-
duce movemsnt is a2 gradieat search tecn:.GLe used with 2 psevdo-furaction

which relates the degree to which the current estimetes of resource expendi-
ture meet the éesired rates.

The precise fora of the psevdo-function is not critical and should
rezlly be determined with regard to the probles being soived. Theze zre,
however, sone properties the psevdo~function should have. Along a line in
the } space, thepseudo-functiop should be unimodal to 2ilow a sezrch along
the line. Secondly, z unique walue of the psendo-function should corres-
pond to the precise satisfaction of 2ll the constraints, Finally, the
pseudo~functien shoulé be zble to detect even the smallest changes in the
resource usage rate estimate. The pseudo-function we used was

H
-V E _,
P -Z L7 gbj nji
J:

where b_E is the current estimate of the resource consumption and W, is a
weightiﬂg factor reflectirng the relative important of satisfying codstraint j.

Given a base point value of ) and a sample of items, the gradient of
the pseudo-function is estimated by 1nd1v1dually perturbing the ) and measuring
the change in thepseudo-function. If A 3F/p), is the ratio of the change in the
pseudo-function due to a change in Aj then tHe gradient is estimated as

wit- (X8 £F L tEy
(T 0 g

The objective we had was to minimize the pseudo-function. Thus, a
search is made along the negative gradient for the minimum value of the pseudo-
function. When this point is found it becomes the new base point, a new sam-
ple of items is selected and the procedure continues. When the pseudo-function
is acceptable the current value of ) is tested on the entire catr.log of items.
Note that for every base point, a new sample of items is selected from the
circular file. They are picked up in sequence as they occur on the file.
Every time the sample changes, so do the statistical properties of the sample.
Whatever a particular ) meant to the previous sample in terms of resource
consumption, it surely will not mean the same thing to the new sample because
of the difference in item characteristics; but certainly the old estimates
carry information and should not be thrown away.
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Coasider the method of estimeting By expomential s=oothing., Tiis prc-
cedere is used to estirate the parz—eter in 2 process of the form.

wpere Et is a2 raadom factor.

The parzsmeter A changes with t. 1In this problema A_ is 2 resource con-~
stptica rate and E_ Is the rando= elezeat dee to szmple Characteristics.
Tie index "t" identifies the particular szmple and the zultiplier values used
oa it, Exponential szoothing is a heuristic technique for estimating At using
the equzatioa

A =a + Qo)A ,

£
zor OSQ'SI

Yo" is called the smoothing constant and is the factor which determines

the relative importance assigned to the new and old observations in the cur-
rent estimate., Exponential smoothing is an appealing technique for it aliows
information from past samples to play a part in the current decisicm. Some
of the variability of a single sample has beeun eliminated with no _enalty

in computation time.

The estimates b.E which are used by the pseudo-function are exponential
smoothing estiuates. JDepending on the choice of smoothing constant the
sensitivity of the pseudo-function to the results of a single sample can be

varied. Convergence to the correct multipliers thus depends strongly on the
smoothing constant.

Currently, it is not possible to report complete satisfaction with the
constraint technique. Some study has been done in an attempt to determine the
optimum sample size and the most suitable smoothing constant. While work on
the subject is still in progress, the work already done has been encouraging.
The basic methodology appears to be sound. Most of the faults seem to occur
because of over-programming in an attempt to insure convergence. Much of the
sensitivity has been destroyed by these attempts and, as a result, movement
of the ..ultipliers is too slow. The difficulties encountered however do not
seem insurmountable and we hope to continue our research in the area.
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CHAPTER IV

4.1 Gemerel

In conjunction with another study done by this office entitled "Military

Essentiality Coding"”, the multi-item nodel was tested on a catalog of 710 parts

of a2 Baker model Rough Terrain Porklift. The essentiality project developed
the military essentiality renking for the repair parts of the forklift. Of
2ll these parts, there were 710 on which the demand and physical characteris-
tics {weight, volume, price) could be obtained. With these items composing
the catzlog, the muiti-echelon model was applied to & retail logistics
systems. Twoe of the systems were constructed to correspond as closely as
possible to the European theater. They differed oanly by the tramsportation
mode employed; one used the sea mode, the other air. Similarly there were
sea and air models of the Vietnam theater.

The purpose of the test was -

1. Evaluate the effect of transportation mcde on optimum inventory
costs and thereby determine the optimum transportation mode.

2. Demonstrate how military essentiality measures can be used in
stockage decisions.

3. It must be noted that the overridiag goal of this study was
not directed toward implementation of any new procedures. Rather, it was
a continuation of research in multi-echelon modeling begun by the IRO. The
orimary goal of developing feasible computation schemes for the multi-echelon
model has already been discussed in the previous chapters. Were it not for
the military essentiality project the study would have ended here. An in-
terest developed in the ways the military essentiality rankings could be
ugsed for stockage decisions. Therefore, an attempt was made to use these
rankings with the multi-echelon model. Moreover, at the same time, an in-
terest also developed for ways to select the best transport mode for an
item. As a result a transportation cost algorithm was obtained from Research

Analysis Corporation and the multi-echelon model was used on two transport
modes, sea and air.

The results presented shortly are those which proved to be the most
interesting derived from the test.

4.2 catalog Characteristics
As mentioned previously, data was obtained on 710 items of the rough
terrain forklift., BRefore presenting results, it will be of vzlue to give a

characterization .. the catalog. Table 5 preseats a frequency count of
the items by price and table 6 by demand. Demand is the total number of
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demands for the item during a cne year period obtained from TAERS and Redball
data.

TABLE 5

No. Items V3 Price .

Price § 0-5 5-16 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 > 50

No. Items 547 48 41 33 15 7 5 1 2 2 9

TABLE 6

No. Items VS Demand

Demand __0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 89-90 90-100 >100

No. Items 543 25 28 22 18 4 3 3 7 4 53

Tebles 7 and 8 further characterize the items by dollar value of demand
per yvear and military essentiality for Germany and Vietnam. Here military
essontiality class 1 is the least essential and 4 the most essential. The
dollar value classes are:

‘I Dollar Value < 25
II 25 < Dollar Value < 250
III Dollar Value > 250
TABLE 7

Catalog Characteristics

Germany
DV/MEC 1 2 3 4 Totals
I 14 16 169 405 604
II 6 0 10 69 85
IIT 0 0 2 19 21
TOTALS 20 16 181 493 710
25
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TABIES
Vietnen
DV/MEC 1 2 3 4 Totals
I 1% 15 169 393 591
i - 6 1 8 75 90-
111 0 0 4 25 29
TOTALS 20 16 181 493 710

4.3 Optimum Policy Characteristics

The following tables (9,10,11,12) summarize the results of the tests by
doliar value of demand, military essentiality, and stockage policy. The
triplet SI’S ,S3 is used to represent the optimum stock at DSU, GSU, and
depot respes%ively, and * is used to designate some positive stock. The
stockage policies have been classified as follows:

Policy Class
0,0,0 1
%,0,0 i1
*,0,0 111
%,%,0 v
0,0,% v
*,0,% VI
0,%,* VII
ko k% VIII

Notice that no items prefer policies II or VI. Whenever stock is placed

at the D8U level, it is always supported by GSU stockage and a good portion

of the time by depot stockage. This seems to verify the policy in use teday
that stockage at a level be supported by stockage at the next higner level.

The same verification is not evident of GSU support stockage. Around 50%

of the items with GSU stockage are not backed up by depot stockage.

The results in the table show nothing unexpected. For example, in
going from the sea mode to the air mode there is a desinite shift away fr a
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TABLE 19, _
Vietnam »Sga\ﬂ

Policy Class

v MEC I 11 LI v v - VI Vit VIII  TOTAL
I 1 0 0 4 0 4 0 0 0 14
2 0 0 10 0 Y 0 3 2 15
3 0 C 66 6 4 0 17 76 169
4 0 3] 85 87 83 0 38 i 100 393
TOTAL 0 0 165 93 91 0 64 178 591
IT 1 0 0 0 0 0 0 6 0 6
2 0 0 0 0 0 0 1 0 1
3 0 0 0 0 0 0 2 6 8
4 0 0 0 Y 0 0 15 60 75
TOTAL 0 e 0 0 Q 0 24 66 90
II1 1 0 0 0 o 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 1 0 0 3 4
4 0 0 1 0 0 0 3 21 25
TOTAL 0 0 1 0 1 0 3 24 29
28
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Vietnas Adr_

Yolicy Class

bV MEC 1 1z 111 pAY v VI Vi VIII TUTAL
I 1 1 o 6 0 3 0 4 ‘0 14

2 0 0 i2 G 1 0 0 P 15

3 0 0 7Z 46 14 Y i 36 163

4 2 0 194 131 92 0 8 56 393
TOTAL 3 0 194 177 110 0 i3 95 591
ix i 0 c 0 0 0 0 6 0 b

2 0 0 0 Y Y ¢ 1 0 1

3 0 9 1 0 0 0 i b 8

4 0 o 3 9 0 0 12 52 15
TOTAL g Y 4 9 0 Q 20 57 90
IfT 1 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 1 0 0 3 4

4 0 0 1 0 0 0 3 21 25
TOTAL 0 0 1 0 1 0 3 24 29
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TABLZ 13

Percgnt of Dexands Detected at 6SU = 0

Gezzmany Sez
Dbv MEC 1T TIX v v VI Vi VIII Total
I 1 0 0 0 3 0 4 0 15
2 3 L i 6 0 1 1 16
3 66 17 27 19 15 12 13 169
4 99 50 57 73 45 41 39 402
TGTAL 168 71 85 101 58 58 53 601
T 1 0 0 0 1 ] 2 1 6
2 0 0 ] 0 ] 0 ] 0
3 0 0 1 1 9 2 6 10
4 0 0 23 0 1 10 36 70
TOTAL 0 0 24 2 1 14 43 86
111 1 0 0 o 0 0 9 0 0
2 0 0 G 0 0 0 ] 0
3 0 0 0 0 0 0 2 2
4 n 0 2 O 0 3 15 21
TGTAL 0 0 2 0 0 3 17 23
31
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TABLE 14 ‘
Percent of Demands Dekécted at GSU = 0 '
Vietnam Sea. -
DY MEC I II IT1 v v VI ViI VIII Total
I 1 0 0 0 4 0 4 0 14
2 2 1 1 10 1 0 0 15
3 70 19 19 27 7 12 HA 168
4 143 47 3791 6 37 28 389
TOTAL 215 67 57 132 1% 53 42 586 i
?
I 1 0 0 1 2 0 2 0 6 *
2 0 0 0 0 0 1 0 1
3 0 0 3 0 0 2 4 9
4 0 0 18 0 5 14 39 76
TOTAL 0 0 22 2 5 19 43 92
I 1 0 0 0 0 0 0 0 0 ;
2 0 0 0 0 0 0 0 0 l
3 0 0 1 1 0 0 2 4 |
4 0 ) 6 0 0 3 18 28
TOTAL 0 0 7 1 0 3 20 32
32




TABLE 15

Percent of Demands Detected at GSU = 0

Cermany Air
DV MEC I 1T I1T v v VI VII VIII TOTAL
I 1 10 1 3 0 0 0 0 0 14
2 2 4 5 1 4 0 0 0 16
3 0 85 29 23 19 12 0 1 169
4 2 168 80 51 73 10 9 9 402
TOTAL 14 258 117 75 96 22 9 10 601
II 1 3 0 0 0 2 1 0 0 6
2 0 0 0 0 0 0 0 0 0
3 0 0 1 1 1 1 1 5 10
4 0 2 3 33 0 6 7 19 70
TOTAL 3 2 & 34 3 8 8 24 86
IIT 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 2 2
4 1 0 0 7 0 0 3 10 21
TOTAL 1 0 0 7 0 0 3 12 23
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TABLE 16

Percent of Demands Detected at GSU = 0

Vietnam-Air

vV MEC I 1T IIT v v Vi Vil VIII TOTAL
I 1 9 0 1 0 4 0 o 0 14
2 2 3 1 0o 3 1 0 0 15
3 0 71 2 11 33 19 1 3 168
4 2 151 73 39 92 19 . 8 5 . 389
TOTAL 13 231 99 50 137 39 9 8 586
I 1 3 0 0 0o 2 0 1 0 6
2 0 0 0 0o 1 0 0 0 1
3 0 0 0 3 1 1 1 3 9
L 0 5 2 21 0 12 12 24 76
TOTAL 3 5 2 2 4 13 14 27 92
IImT 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0o 0 0 0 0 0
3 0 0 0 2 1 0 0 1 4
40 0 0 9 0 3 3 13 28
TOTAL 0 0 0 11 1 3 3 14 32
34

|
5
|

st

N
. e o dhanm = o
S PO

i



gl VR

DV MEC

TABLE 17

Percent of Demands Detecte_ad at GSu =0

II

85

166

Germany ~ Optimal Mix

I11

2
5
28

75

iv
0
0

20

37

v
0
A
19

73

Vi

0

c

)

VII

14

VIII

28

TOTAL

TOTAL

T II 1

14

255

110

57

27

96

16

17

36

10

70

TOTAL -

71T 1

28

11

13

86

21

TOTAL

35

15
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TABLE' 17-A

Percent of Demands Detected at GSU = 0

Germany - Optimal ‘Sea

-

<N

o

v

17

v

0

Qo O 9o

Vil

10

VIII

24

TOTAL

30
71

25

13

13

31

21

109

40

13

26

13

49

18

15

20
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TABLE.18 .

Percent of Demands Detected at GSU =.0 . ‘ e j
’ Vietnam - Optimal Mix s
DV MEC I II III v v VI VII VIII TOTAL ; ;3‘
I 19 0 0 o 3 0 2 0 1
z: 2 3 1 1 8 o 0 0 15
3 0 75 29 10 27 15 2 10 168 - R
41 150 70 32 91 11 . 13 . 2L 389 - . :
TOTAL 12 228 100 43 129 26 17 31 586 A
I 1 2 0 0 1 1 0 2 0 6 i
2 0 0 0 o 0 0 1 0 1 N
|
3 0 0 0 2 1 1 1 4 9 i
L0 5 2 % 0 8 12 35 76
TOTAL 2 5 2 17 2 9 16 39 92 j
IIr 10 0 0 0o 0 0 0 0 0 4
2 0 0 0 0 0 " 0 0 0
3 0 0 0 1 1 0 0 2 4
4 0 0 0 6 0 2 3 17 28 '
TOTAL 0 0 0 7 1 2 3 19 32 )
{
- 1
l
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TABLE 18-A . |3

~

Percent of Demands Detected at. GSU = 0 ’

Vietnam = Optimal Sea -

DV MEC I 11 111 Iv Vv VI VII  VIIT  TOTAL

I 1 2 0 0 0 1 0 2 0 5

2 0 2 1 19 0 0 0 4 b

3 0 68 19 6 3 2 1 8 107 :

& 0 138 27 22 13 0o___10 20 230

TOTAL 2 208 47 29 1 2 13 28 346 {
I 1 1 0 0 1 1 0 2 0 5 i
2 0 0 0 0 o 0 1 o 1 i
30 0 0 1 0 0 0 4 5 \

4 0 9 0 100 0 9 29 48 %

TOTAL 1 0 0 12 1 0 12 33 59

i

IIT i 0 0 0 0o o0 0 0 0 0 1
2 0 0 0 0 0 0 0 0 0 ‘

3 0 0 0 1 0 0 0 2 3 ‘

4 0 0 0 4 0 0 2 15 21

TOTAL 0 0 0 5 0 0 2 17 24 !
]
, ]
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depot stockage. The dats indicates that *,%,% nolicies go to-*,%,0 pelicies
zzd 8,%.% go 5 0,%,%, There are some exceptions, of -course, -but these are

fez. Also a2 streug relationship exists between the results for the theaters
with the scme traasport mode. Depdt stockage for Vietnam is more preferable
due to the greater number of units the depot supports.

a2 support stockage moted in the above paragraph was “othersome. We
felt the zeason for stock haeld at the GSU when also held at the DSU might
resait enly because demands were generated at the GSU as well 2s the DSU.
Therefore, the.rums were repeated with nc demands generated at the GSU.
Tables 13, 1%, 15, 156 indicate the results of these runs. No longer is GSU
backup steck required.

Also for this run similar tables 17 and 18 are shown for the optimal
mix of policies. A further breakdown is shown in tables i7-A znd 18-A.
These tables show the sea mode policies extracted from the optimal mix. Note
for Gerpany the relaticaship betwesn the dellar value and preferred mode. The
higber the dellar vaiue the more sea mode is preferred. For Vietnam the same

relationship is there anéd aliso the sea umode is preferred more often.than the
air mode,

This pattern is expected since the intra-theatre shipping times used
are the same for each mode. The shipping times used from CONUS to theater
depot are shown in the following table. These times were obtained from RAC.

TABLE 1S-A
Theater Mode Time Days
Germany Sea 40
Germany Air 9
Vietnan Sea 49
Vietnan Air 9

L.4 Transrort Mode

Horzally the transport decision and the stockage decision are made
sequentially. Once a particular tramsport mode is selected, the required
stockage for thatr mode is Getermined. But a2 tradeoff exists between trans-
portation cost and inventory ccst. TYypically, inventory models require as
input the resupply time alorg with the item characteristics to develop stock-
age policies. The tiamspurt mode, Of course, determines w at the resupply
time will D.. Since the n=mber of feasible transpori modes from the supplier
1o the stockage point is usually small, it is a simple matter to apply the
iaventory —odel to ezch rrezusport node 2nd mmke a fotal cost comparison of
e2ch.
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This is precisely what was done usinyg ‘the multi-eclielon model -and RAC's -
transportation zest algorithm., Table 20 presénts a summary of the results - : o
concarniing -‘the transport modés. The costs pregented are for the entire 710 i
item catalog and are in a per year bdsis, o ’

ZABIE 20

TRANSPORTATION COST VS “TOTAL COST

Total Cost Tran Cost Trans-% of Total

Germany Sea 3 20317 5613 : 27.6
Germany Air 22229 11636 52.3
Vietnam Sea 38163 9959 26.1
Vietnam Air 53011 33177 62.6 :

Transportation costs are a sizeable proportion of the total costs in
all & case-.. The air mode being more expensive results in a higher per-
centage of total cost than does the sea mode. However, the reductiom in in-~
ventory required under the air mode is not sufficient to overcome the in-
creased transport cost. On a doliar basis, the seaz mode is preferred for
both the German and Vietnam theaters. Use of the sea mode results in a sav-
ings of about $2000 per year in Germany and $15000 per year in Vietnam. .

Table 21 presents an interesting result concerning the optimal mixing
of transport modes by item. These results are for percent cf failures de-
tected at GSU 0. Of the 710 items, only 190 (269) preferred the Germany
(Vietnam) sea mode while 520 (441) preferred air.

e et

TABLE 21
Mode # Items Opt Cost Upt Tran Cost

Preferring Mode

H
50

Pt

Germany Sea

18403 6110
Germany Air 520
Vietnam Sez 269

33714 10031
Vietnam Air 441

Seexzingly, this woulé indicate the preference of an all air mode over
en 211 sea policy. However, a strong relationship exists between this item's
failure rate and its preiesrred tramsport mode. Almost without exception,
the very low failure rate items prefer thz 2ir mede. These are the items >
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vhich are most abundant but which account for only a small portion of tctal
. cost, If an all air policy were imposed on all of the items, therefore, 2 i
gevere panalty would be incurred by the items —with the higher failure rates.
On the other hand, if an all sea policy is imposed, the penalties incurred >
. by <he low failure rate items would be miid in comparison.

TN

TABLE 22

Germany Sea Germany Air

Vietnam 180 89
Sea {(25.35%) (12.46%)

Vietnam 10 431 ?
Air (1.41%) (60.78%)

kY

Table 22 indicates the relationship between preferred modes by theater.
For example 180 or (25.35%) of the items prefer the sea mode for both theaters,
while 431 (60.78%) prefer the air mode to both theaters. ¢C1ily about 147 of
the items prefer different modes by theater.

&8
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The primary difference between the theaters is their discrance from

. CONUS. The European theater is approximately 4500 miles away, anéd Vietnam
theater is 8410 miles away. Notice that when a mix mode dy theater is

preferred it is usually the Germany Air, 7ietnam Sez mix. Thus, some items

K - which preferred the Vietnam sea mode rejected the Germary Sea mode in favor

i of Germany Air. Sea transport costs do not depend as strongly on distance

= as do air costs. At shorter distances the air mode becomes preferable. It

) f is not surprising the predominant shift tc wix wmodes should favor Germany
Air, Vietnam Sea. Nevertheless, the shift ic no# drastic. In fact, a strong

tendency towards the same mode is very evident. ZItem ckharacteristics appear

X to be more important to the selection of the transport mode than do the
: theater characteristics. !

3 4,5 Military Essentiality Rankings !

y

A report publiched by this cffice cntitled "Military Essentiality Coding"
presents the results of a project which developed the military essentiality
codes for the parts of the rough terrair forkiifi. The corcept of military
essentialicy employed in that project was that “the wilitary essentiality
of a repzir part is areflection of the degree to which its failure, if and
vhen it occurs, affects the ability of the seapons system to perform its i

S USIOURNDY YR

intended mission". The military essentiality codes are a "systewatic way of
7 expressing the expected degree of degradation in weapon system performance
when the part fails." A ranking scheme was developed which placed the part ]
B in a particular class depending upon the answers obtained from gquestionnaires.
In the Army system today, items classified criticzl are stocked even though
the stockaga may not be demand supported. Along with more scphisticated
military essentiality ranking schemes should 21sc come mere sophisticated

ik

41

i\

v e

TR WAL LA mmm
R St
i M s LS

e



D

stockags decision processes employing the essentiality rankings. This section h
explains an attempt to use the multi-echelon model along with the e:_entiality
rankings tc develop optimum stockage policies.

The concept Of backorder cost frequently employed in stockage decisions
is closely related to the concept of military essentiality. A backorder cost
should rceflect the loss suffered in the mission because of the backorder.
Since milizary essentiality of 2 part reflects the degree to which the
weapous system can verform its mission upon failure of the part, the military
essentiality should be useé to reflect the degree of the penalty cost applied
to a backorder. Because military essentiality is still only a concept and
not a precisely defined property, we are free to introduce military essen~
tiality measure in the multi~eclhizlon model as we please so long as it con-
forms with the 2oncept of military essentiality. In the cost equation pre-
sented earlier, therefore, the backorder cost, was weighted by an essen-
tiality measure E. Accordiagly, the measure E must be developed dependent
on its use in the model. But, rh2 same reason which prevents the measurement
of backorder costs also hinders the measurement of essentiality; mission
effectiveness itself has not been suitably defined to allow the definition
of concepts related to it. The military essentiality project, however, went
no further than developing a ranking measure for essentiality. To use
escentiality, though, a scheme for developing a cardinal measure must be
found.

After a limited investigation, the only realistic apprcach uncovered
was to set target availabilities for each essentiality class and determine
the E values which yield these availabilities.

This app.oach seems appealing because it allows a relationship between
logistics performance and essentiality. WNevertheless, there are several
drawbacks. For one, the relationship between availability and essentiality
is established a priori by a decision maker on a purely subjective basis.
Ideally, this relationship should exist only a posteriori since essentiality
is meant to be one of the input factors to the decision process, and logis-
tics performance the output, Another and equally serious fault of this
approach is that the price of the item is eliminated from the decision pro-
cess. Items which have identical characteristics except for price are,
therefore, stocked in the same amount.

On the other hand, this approach, since it is a systematic procedure,
would improve upon the decisions as made today. Currently, items are
classified only critical or not critical by the Army. If a critical item i
does not meet the demand support requirements one is stocked away. But if
it does mweet the requiremeuts, there is no difference in its stockage level i
than the stockage levels as computed for non~critical item of the same
characteristics. The availability approach presented sbove is a definite ‘
improvement over the current procedures. Moreover, a partial dollar saving
is introduced through the varying availability levels. Thus, while complete
satisfaction cannot be reported with the approach, it is. pevertheless, a '
very definite improvement over the current methods.
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